The magnetic structures of the perovskites NaLaMnWO 6 , NaNdMnWO 6 , and NaTbMnWO 6 , with rocksalt ordering of the Mn/W ions and layered ordering of Na and the rare-earth ions, have been determined by neutron powder diffraction. The manganese moments in NaLaMnWO 6 order below 10 K with a propagation vector of k 14 = ͑ 1 2 ,0, 1 2 ͒ and a moment of 3.99 B per Mn 2+ ion. The Mn 2+ and Nd 3+ ions order simultaneously in NaNdMnWO 6 at 11 K. The resulting magnetic structure is incommensurate with the underlying crystal structure and has the propagation vector of k 5 = ͑0 , 0.48, 1 2 ͒. NaTbMnWO 6 undergoes two magnetic phase transitions at 15 and 9 K. The structure determined at 11 K is based on two propagation vectors of k 14 = ͑ 1 2 ,0, 1 2 ͒ and k 5 = ͑0 , 0.427, 1 2 ͒. Upon cooling at 6 K the incommensurate vector is no longer present and the moments order only according to k 14 . The moments of the Nd and Tb ions are found to remain within the planes of the A-site cations, and in NaTbMnWO 6 the Mn moments also lie within the xy plane. This study not only reveals magnetic structures with previously unexplored topologies but it also sheds light on the intricate coupling between the two magnetic sublattices.
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I. INTRODUCTION
Perovskites represent one of the most important classes of functional materials known, exhibiting a wide variety of technologically useful properties. There are numerous examples where the ordering of magnetic ions within the perovskite lattice leads to desirable properties. Examples include colossal magnetoresistance in ͑Ca x La 1−x ͒MnO 3 and ͑Sr x La 1−x ͒MnO 3 compounds 1-3 and half metallic transport in the ferrimagnetic double perovskite Sr 2 FeMoO 6 . [4] [5] [6] Perovskites have also played a leading role in multiferroics research. BiFeO 3 ͑Ref. 7͒ and BiMnO 3 ͑Ref. 8͒ are two of the more highly studied multiferroic materials. Many of the improper multiferroic materials that have been the subject of intense research efforts over the past few years are also perovskites. [9] [10] [11] In compounds such as TbMnO 3 ͑Refs. 12 and 13͒ and other LMnO 3 ͑Ref. 14͒ perovskites incommensurate spiral magnetic ordering has been found to induce a ferroelectric state that is much more strongly coupled to the magnetic order than in conventional multiferroics.
Recently, attention has been drawn to a relatively unexplored class of AAЈBBЈO 6 perovskites that exhibit ordering on both cation sublattices. 15, 16 These compounds are interesting from a structural perspective in that they exhibit rocksalt ordering of the B-site cations and layered ordering of the A-site cations ͑see Fig. 1͒ . The latter type of ordering was, until recently, very rare in stoichiometric perovskites. The availability of four distinct cation sites opens the door to the design of magnetic materials with novel topologies. Furthermore, compounds with this structure type show potential for multiferroic behavior by virtue of ͑a͒ relatively subtle coupling between two different magnetic sublattices and ͑b͒ their tendency to crystallize in polar space groups.
This study concerns the magnetic structures of three such compounds of the NaLMnWO 6 series with L = La, Nd, and Tb. All three compounds are known to undergo paramagnetic to antiferromagnetic ͑AF͒ transitions at low temperatures with Néel temperatures ͑T N ͒ ranging from 10-15 K. 16 The compounds with L = Nd or Tb are of particular interest because they possess layers of magnetic lanthanides separated by layers of nonmagnetic sodium ions superimposed with Mn 2+ cations on a pseudoface-centered-cubic ͑fcc͒ lattice. Furthermore, magnetic susceptibility measurements have indicated that NaTbMnWO 6 undergoes at least two magnetic phase transitions. 16 The magnetic structure of a compound with such an arrangement of magnetic ions has not been determined before and provides a basis for understanding the coupling that occurs between the rare-earth and transitionmetal sublattices. FIG 
II. EXPERIMENTAL
The synthesis, crystal structures, and magnetic susceptibilities of these compounds have been previously reported and are described elsewhere. 16 Impedance measurements on sintered pellets of these materials have shown them to have resistivities on the order of 10 8 ⍀ cm. Neutron powder diffraction ͑NPD͒ data were collected using the BT-1 32 detector neutron powder diffractometer at the NIST Center for Neutron Research ͑NCNR͒.
17 A Cu͑311͒ monochromator with a 90°takeoff angle, = 1.5403͑2͒ Å, and in-pile collimation of 15 min of arc were used. Data were collected over the range of 3 Յ 2 Յ 168°with a step size of 0.05°.
Data sets were collected for all three compounds at ͑a͒ room temperature, ͑b͒ several degrees above T N , and ͑c͒ below each transition temperature. For NaLaMnWO 6 lowtemperature patterns were taken at 20 and ϳ5 K ͑averaged over the range of 5.1-7.3 K͒. For NaNdMnWO 6 lowtemperature patterns were taken at 18 and ϳ4 K. For NaTbMnWO 6 low-temperature patterns were collected at 20, 11, and ϳ6 K ͑averaged over the range of 5.4-6.9 K͒. Indexing of the commensurate and incommensurate magnetic reflections was carried out using a new procedure developed in the program SARAH, 18 whereby for a given k vector the moment orientations were refined using reverse-Monte Carlo ͑RMC͒ cycling. The trial propagation vectors were determined using a grid search of the points, lines, and planes of the Brillouin zone. 19 This technique was first developed for the study of incommensurate ordering in the frustrated magnet ␤-Mn 1−x Ru x ͑Ref. 20͒ and has many advantages over the conventional indexing algorithms based on the peak positions alone. These arise from the physical nature of the refinement process: magnetic intensity is only permitted in patterns that are possible for the moment positions in the cell, with a particular k vector, and the choices of trial vectors is driven by the different translational symmetry types of the eigenfunctions of the exchange Hamiltonian. 21, 22 That this technique only produces good fits where magnetic intensity can physically be produced thereby reduces the number of false positives that are obtained by conventional indexing based on the peak positions alone. No assumptions are made over the nature of the Hamiltonian or the exchange interactions as it also allows the sequential determination of structures with several unrelated propagation vectors, as is the case for NaTbMnWO 6 .
Calculations of the different symmetry-allowed magnetic structures for a given propagation vector were done using the technique of representational theory [23] [24] [25] [26] [27] using SARAH. In all cases the refinements were carried out directly in terms of the linear summation of symmetry-adapted bases that are generated by the symmetry calculations, a technique that has been successfully applied to a variety of magnetic structures, such as those in the M II ͓N͑CN͒ 2 ͔ 2 molecular magnets, 28 and the rare-earth pyrochlores. 30, 31 This was achieved using SARAH together with GSAS ͑Refs. 32 and 33͒ for NaLaMnWO 6 . As GSAS does not allow propagation vectors to define the translational symmetries of magnetic structures, the observation of incommensurate magnetic ordering in NaNdMnWO 6 and NaTbMnWO 6 required the use of an alternative Rietveld program. Therefore, SARAH and FULLPROF ͑Ref. 34͒ were used for these refinements. Throughout this work the numbering scheme for both the propagation vectors and the irreducible representations ͑ir-reps͒ follows that developed by Kovalev 35 as these have been recently verified. 36 We note however that the propagation vectors were rotated from the primitive setting used by Kovalev 35 to the conventional P12 1 1 setting.
III. RESULTS AND DISCUSSION
A. NaLaMnWO 6 The magnetic structure of NaLaMnWO 6 provides the natural reference required to understand how the moments of the Mn 2+ ions order in the absence of other magnetic ions. This compound crystallizes in the monoclinic space group P2 1 . The lattice parameters of the nuclear structure at 5 K are refined to be a = 5.5717͑3͒ Å, b = 5.5970͑3͒ Å, c = 8.0155͑4͒ Å, and ␤ = 90.225͑2͒°. The atomic positions are refined to values that are similar to the room-temperature structure. The reported Néel temperature, T N , of this compound is 10 K. 16 The neutron diffraction pattern taken at ϳ5 K, in the magnetically ordered phase, shows several additional magnetic peaks that were not present in the pattern taken at 20 K ͑Fig. 2͒. These peaks could be indexed with either of the propagation vectors k 14 
This ambiguity is not surprising considering that the metric symmetry is pseudotetragonal ͑a Ϸ b͒. Refinements were carried out for both propagation vectors. While it is not possible to conclusively differentiate between these two k vectors based on the experimental data, the fits obtained when k 14 = ͑ Representational theory is based on decomposing the possible magnetic structures into the irreducible representations of the little group, G k , the subgroup of the crystallographic space group, G 0 , which leaves the propagation vector invariant. For the space group P2 1 k 14 = ͑ Table I. RMC refinements were used to explore the possible combinations of basis vectors that could fit the diffraction data. Refinements using only a single basis vector yielded inferior results compared to refinements done with combinations of basis vectors. Refinements using all three basis vectors in ⌫ 1 were preformed using the script-clone feature in SARAH which allows for multiple RMC refinements to start the same but develop differently. This allows one to determine which features of a refinement are robust and which are not, an important feature given the information loss associated with powder averaging. Refinements using ⌫ 1 provided slightly better fits than when ⌫ 2 was used, although the difference was not large enough to conclusively rule out ⌫ 2 as a possibility. When ten clones were used the goodness-of-fit 2 values for the ⌫ 1 refinements ranged from 1.45-1.47 while the ⌫ 2 fits ranged from 1.51-1.53. For comparison, the best fit obtained when using the alternate propagation vector of k 9 = ͑0, 1 2 , 1 2 ͒ was 2 = 1.68. The resulting structures from the ⌫ 1 refinements consistently had large components in the x and z directions. Removal of the x or z component ͑refined by setting the contributions from either 1 or 3 to zero͒ resulted in a small but significant worsening of the fit. The y component showed significant variation among refinements with essentially the same fits. In some refinements it was nearly zero, while in others it was comparable in magnitude to the x and z components. The y component could be removed ͑ 2 set to zero͒ without degrading the fit. The overall magnitude of the moment was consistently refined to values ranging from 3.92 to 4.00 B . The fit to the NPD pattern is shown in Fig. 2 .
The structures represented by ⌫ 1 and ⌫ 2 both correspond to noncollinear spin arrangements. Collinear structures can be constructed by mixing of the two irreps. Refinements using ͑ 1, 3, 5 ͒ and ͑ 2, 4, 6 ͒ were done to investigate this possibility. The refinement using ͑ 1, 3, 5 ͒ gave essentially equal results as fits using ͑ 1, 2, 3 ͒. To the simplest approximation the Landau theory of a second-order phase transition requires that only a single irrep is involved in a magnetic ordering transition and, correspondingly, the resulting magnetic structure can be described using a single irrep. 21 Therefore, the noncollinear magnetic structure that is described by a single irrep, ⌫ 1 , is preferred on symmetry grounds to the collinear structure produced from ⌫ 1 and ⌫ 2 . If the y component of the moment is null then a collinear structure would be obtained that still belongs to a single irrep.
The preferred description is therefore one obtained by refining with only 1 and 3 since it is both collinear and belongs to a single irrep. This structure is shown in Fig. 3 . This structure has moment components of M x = 3.00͑3͒ B , M y = 0, and M z = 2.63͑3͒ B with a total moment of 3.99 B . The theoretical moment of S =5/ 2, d
5 Mn 2+ ion is gS =5 B , assuming a g factor of 2. The relations between the moments of atom 1 and atom 2 are M x1 =−M x2 , M y1 = M y2 , and M z1 =−M z2 . The moments in this structure all lie within the xz plane.
Rocksalt ordering of magnetic and nonmagnetic B-site cations in an ideal perovskite results in a fcc closed packed array of magnetic ions. In many perovskites, such as NaLaMnWO 6 , tilting of the BO 6 octahedra will reduce the symmetry such that the lattice is only pseudo-fcc. In such a structure there are two primary pathways by which superexchange can occur. The first is between the nearest-neighbor ͑nn͒ ions connected through a ϳ90°Mn-O-O-Mn pathway. The second is between next nearest neighbors ͑nnn͒ along a ϳ180°Mn-O-W-O-Mn pathway. In the magnetic structure of NaLaMnWO 6 all Mn 2+ ions which are connected through Mn-O-W-O-Mn nnn pathways are antiparallel, indicating that superexchange through this network of bonds plays an important role in determining the structure. The nn superexchange probably also plays a role in determining the structure but due to the inequivalency of the bond distances ͑due to the octahedral tilting͒ the precise details of the exchange are difficult to evaluate. Of the 12 nn Mn 2+ ions six are parallel and six are antiparallel. This frustration is partly relieved by the monoclinic distortion of the cell. The six nn ions connected along the slightly shorter a axis are the ones which are antiparallel, while the six connected along the slightly longer b axis are the parallel ones.
The magnetic structures of A 2 MnWO 6 ͑A =Ba,Sr,Ca͒ perovskites provide a good point of comparison. The only structural difference between these compounds and NaLaMnWO 6 is that they lack an ordered arrangement of two different types of A-site cations. While ordering of nonmagnetic A-site cations is unlikely to have a profound effect 
on the ordering of the magnetic B-site cations, changes in the bond angles and lengths of the corner sharing octahedral network can impact the magnetic structure. The structure of Ca 2 MnWO 6 has been reported by two separate research groups. 37, 38 This compound has the closely related P2 1 / n crystallographic symmetry and therefore also has two equivalent positions for the Mn atoms. Both groups found that magnetic ordering occurs according to a propagation vector of k = ͑0, 38,39 reported a collinear spin arrangement, while that of Munoz et al. 37 is noncollinear with M x1 =−M x2 , M y1 = M y2 , and M z1 =−M z2 -the same relationship in NaLaMnWO 6 as described by ⌫ 1 . Both groups of researchers have also reported on the structure of Sr 2 MnWO 6 . 37, 39 In this case the two reports come to different conclusions regarding the crystallographic space group and therefore different magnetic propagation vectors are reported. Azad et al. 38, 39 described the symmetry as P4 2 / n with k = ͑ Given the fact that P2 1 / n symmetry is the most common space group among A 2 BBЈO 6 perovskites, while examples with P4 2 / n are extremely rare, it seems most likely that the latter report is correct. 40 Thus, Sr 2 MnWO 6 and NaLaMnWO 6 appear to adopt the same magnetic structure, while Ca 2 MnWO 6 adopts a similar structure except that the propagation vector is k = ͑0, MnWO 6 has not been fully determined yet although it is reported to be of a G-type arrangement. 41 
B. NaNdMnWO 6
This compound also has P2 1 symmetry with lattice parameters of a = 5.4965͑2͒ Å, b = 5.5868͑2͒ Å, c = 7.9663͑2͒ Å, and ␤ = 90.364͑2͒°at 4 K. The atomic positions at 4 K are essentially the same as those reported at room temperature. The reported T N for this compound is 11 K. 16 Below T N several new peaks appear in the diffraction pattern ͑see Fig. 4͒ . These peaks could only be indexed by the use of an incommensurate propagation vector, k 5 = ͑0,u , 1 2 ͒ = ͑0 , 0.48, 1 2 ͒. For these magnetic positions the little group of the k 5 propagation vector contains insufficient symmetry to relate all of the magnetic moments, and the system is cut into orbits that contain the moments either on atom 1 or on atom 2; there is no symmetry relationship between these atoms. The basis vectors resulting from this symmetry are shown in Table II .
When the pattern was refined using the basis vectors associated with ⌫ 1 it was found that 1 and 3 were always refined to small values for the Nd atom. In fact, these components could be removed from the refinement so that only 2 was used for Nd and this did not cause any degradation to the fit. The orientation of the Mn moments also seems to be dominated by 2 ; however, the 1 and 3 components still appear to be significant and necessary. The best refinement had a 2 value of 1.65. This structure has an incommensurate modulation of the moment magnitudes along the y direction. The magnitude of the moments varies sinusoidally along the b axis with a repeat distance of approximately 26 unit cells ͑ϳ145 Å͒. The moments on atoms 1 and 2 are in antiphase. In this structure the Nd moments are oriented directly along the b axis with a maximum moment of 3.23͑4͒ B . The theoretical moment for a Nd 3+ ion is 3.62 B . The Mn 2+ ion has maximum moment components of M x = 2.74͑2͒ B , M y = 4.67͑15͒ B , M z = 2.86͑21͒ B , with a total maximum moment of 6.11 B . The large maximal value of the Mn 2+ moment indicates that there is an additional contribution to the moment of the manganese that could come from the mixing in of excited states or an orbital component, an observation that merits further investigation. We found that the moments of the two ions were not strongly correlated. The structure is shown in Fig. 5 .
The experimental diffraction pattern could also be fitted using the basis vectors of ⌫ 2 . These provided a nearly identical fit as compared to ⌫ 1 with the 2 of the best fit being 1.62. In this case the y component of the Nd moment was small compared to the x and z components. The Mn moment points mainly along the y direction. The same sinusoidal variation in the magnitude of the moments occurs in the y direction. The maximum moment components for the Nd Refinements were also attempted using combinations of basis vectors from both irreps. A 2 of 1.63 could be obtained when refining with ͑ 2, 4, 6 ͒. Since this fit did not provide any improvement over the refinements done with only a single irrep it was not given further consideration. In the structure obtained using ⌫ 1 the Nd moments are collinear, while in the ⌫ 2 structure they are not. Of these structures, that corresponding to ⌫ 1 appears most likely as the Nd moments lie entirely within the planes of the layers. This result would be consistent with what was found in NaTbMnWO 6 as discussed below.
C. NaTbMnWO 6
The nuclear structure of this compound also belongs to space group P2 1 with lattice parameters at 11 K of a = 5.4197͑5͒ Å, b = 5.5708͑4͒ Å, c = 7.9073͑8͒ Å, and ␤ = 90.34͑1͒°. Magnetic susceptibility measurements have indicated that this compound undergoes two magnetic phase transitions upon cooling: a paramagnetic to AF transition occurs at T N1 ϳ 15 K; a second transition occurs at T N2 ϳ 9 K. This second transition appears to be accompanied by some form of canting as the susceptibility begins to increase below this temperature. 16 Neutron powder diffraction spectra were collected at 20, 11, and 6 K. The pattern collected at 20 K shows a broad hump characteristic of short-range magnetic order centered around 2 = 18°. This is where the strongest magnetic reflections are observed in the 11 and 6 K patterns, indicating that there is still some short-range order at 20 K. In the neutron powder diffraction pattern taken at 11 K a large number of strong magnetic reflections appear ͑see Fig.  6͒ . These peaks could not be satisfactorily indexed by a single propagation vector. All the peaks could, however, be accounted for by using two propagation vectors: one commensurate and one incommensurate. The two vectors are k 14 = ͑ Refinements were first attempted by assigning each kind of magnetic ion to a different propagation vector. These refinements were not able to properly account for the peak intensities. The only refinements which gave reasonable results were those that had both magnetic atoms ordering according to both k 14 and k 5 -that is to say that both propagation vectors are involved in the spin orderings of both the rare-earth and transitionmetal ions. There are two possible explanations for this behavior. One possibility is that there is some degree of phase separation present within the sample. Recent transmission electron microscopy studies of this sample have shown that there are compositional modulations present in some small regions of this sample. 42 The other possibility is that the two vectors correspond to a single phase whose ordering can be described by a commensurate propagation vector which is being modulated by an incommensurate component.
The phase corresponding to k 14 could be best modeled using the basis vectors of ⌫ 1 . The moments on both the Mn and Tb atoms lie almost entirely within the ab plane. The moments on the Tb are refined to be M The moment values should be taken with caution since they represent only one component of the total moment. This phase is shown in Fig. 7 .
In the structure obtained for the k 5 vector the Tb moments lie nearly flat within the ab plane similar to the k 14 structure. Both atoms show a canting which should give a net moment in the z direction. The Mn atoms show a much greater canting as they point much more along the c axis than the Tb. The orientations of the moments spiral along the b axis with a periodicity of approximately seven unit cells ͑ϳ39.0 Å͒. The rotation axis of the spiral is the c axis. This structure is shown in Fig. 8 . The moment values in this phase are much smaller than the theoretical values indicating that this vector represents only a minor component of the moments.
Upon cooling below T N2 the neutron diffraction pattern undergoes significant changes ͑see ͒ phase of NaTbMnWO 6 as refined from neutron powder diffraction data collected at 11 K. The Mn atoms and moments ͑arrows͒ are red. The Tb atoms and moments are green. Na is gray, W is blue, and small orange spheres are oxygen. In view of the ab plane the Na and W atoms are not shown.
at 6 K has the same lattice parameters, within the uncertainty of the measurement, as those at 11 K. However, the magnetic satellite reflections disappear at the lower temperature and the fundamental reflections increase in intensity. It is now possible to index the pattern using a single propagation vector of k 14 = ͑ 1 2 ,0, 1 2 ͒. The reduction from two propagation vectors to a single k vector favors the idea that the magnetic structure at 11 K is single phase with a magnetic structure which is a superposition of the two propagation vectors.
Upon further cooling the incommensurate modulation disappears.
The best fit to the 6 K data was obtained by using the basis vectors from ⌫ 1 . The 2 for the fit was 2.34. The z component of both Tb and Mn moments could be removed with almost no worsening of the fit. The moments of both atoms lie within the planes of Tb atoms created by the layered ordering. It appears that the two-dimensional layered ordering of the A-site cations creates an environment which leads to anisotropic exchange interactions which cause the moments to lie within these planes. Since the NaNdMnWO 6 structure shows similar behavior this may be a general feature for this structure type. The x component of the Tb moment is consistently refined to be roughly twice that of the y component. The y component of the Mn moment is also roughly twice that of the x component. This structure ͑Fig. 10͒ is similar to that obtained for the same k vector at 11 K; however, the angles between the Tb and Mn moments have changed slightly. The moment components for Tb are M x = 7.05͑6͒ B and M y = 3.18͑13͒ B giving a total moment of 7.73 B . The moment components for Mn are M x = 2.72͑9͒ B and M y = −4.35͑12͒ B giving a total moment of 5.12 B . These represent small decreases from the 11 K magnetic structure. The larger value of the Mn 2+ moments in this structure compared to when L = La could be attributed to its higher T N and greater degree of saturation. The NPD pattern of this compound was taken further below its ordering temperature than the other two.
From these results it is also possible to draw conclusions regarding the interactions between the Mn 2+ and L 3+ ions. We recently conducted another study on some similar compounds where we replaced Mn 2+ with Mg 2+ to form NaLMgWO 6 perovskites. 43 It was found that these samples remain paramagnetic down to a temperature of 2 K. This is strong evidence that exchange interactions between the Mn 2+ ions drive the ordering and that the ordering of the L 3+ lattice is induced by the ordering of the Mn 2+ lattice. The idea that the Mn sublattice is polarizing the Tb sublattice is further supported by the fact that the two lattices order simultaneously and with the same irrep. From examination of the structure of NaTbMnWO 6 
IV. CONCLUSIONS
We have determined the magnetic structures of three NaLMnWO 6 compounds. NaLaMnWO 6 orders AF at 10 K The Nd 3+ moments point directly along the b axis. The magnitude of the moments of both atoms varies along the b axis with a repeat distance of ϳ26 unit cells. NaTbMnWO 6 undergoes two magnetic phase transitions at 15 and 9 K. The structure determined at 11 K requires two propagation vectors of k 14 The two propagation vectors appear to be describing a complex type of ordering within a single magnetic phase. Upon cooling at 6 K the incommensurate modulation of the moments disappears and the structure is described solely by k 14 = ͑ 1 2 ,0, 1 2 ͒, the same k vector used to describe the NaLaMnWO 6 structure. The structures corresponding to k 14 have both Mn and Tb moments confined to the ab plane.
One commonality between the magnetic structures of the L = Nd and Tb compounds is the observation that the L moments are oriented to lie within the L layers. This seems to have an important influence on the direction of the manganese moments. In NaLaMnWO 6 the Mn moments have a significant component parallel to the c axis ͑perpendicular to the La layers͒. In contrast to NaTbMnWO 6 the Mn moments lie in the ab plane parallel to the Tb layers, within experimental error. The Mn moments in NaNdMnWO 6 are intermediate.
This study represents the determination of the magnetic structures of AAЈBBЈO 6 perovskites that possess a layered ordering of the A-site cations and a rocksalt ordering of B-site cations. It has been shown that the interactions between the two magnetic sublattices can lead to complex magnetic structures with features such as incommensurate ordering and multiple magnetic phase transitions. These features coupled with the polar crystal structures of these compounds make them promising candidates for future multiferroics research.
Note added. The crystal structures of NaLaMnWO 6 , NaNdMnWO 6 , and NaTbMnWO 6 at 20, 18, and 20 K, respectively, are available as CIF files. 10 . ͑Color online͒ Two views of the magnetic structure of NaTbMnWO 6 obtained using powder diffraction data collected at 6 K. Red ͑dark gray͒ shorter arrows represent the Mn 2+ moments, and green ͑light gray͒ longer arrows represent the Tb 3+ moments. Na is gray, W is blue, and small orange spheres are oxygen. The boxes show crystallographic unit cells. In view of the ab plane the Na and W atoms are not shown.
